Glycogen-bound polyphosphate kinase has been isolated from a crude extract of Sulfolobus acidocaldarius by isopycnic centrifugation in CsCl. Divalent cations (Mn2+ > Mg2+) stimulated the reaction. The enzyme does not require the presence of histones for its activity; it is inhibited strongly by phosphate and slightly by fluoride. The protein from the glycogen complex migrated in a sodium dodecyl sulfate-polyacrylamide gel as a 57-kilodalton protein band; after isoelectric focusing it separated into several spots in the pH range of 5.6 to 6.7.
centrifugation in CsCl and analyzed by SDS-polyacrylamide gel electrophoresis (Fig. 1 , lane a), yielded three protein bands which were identical to those previously described for S. acidocaldarius B6 (5) . However, following the second 48-h centrifugation in CsCl and dialysis against buffer containing EDTA, two of the protein bands (61 and 46.5 kilodaltons [kDa]) were no longer found to be associated with glycogen, and only a single protein with an apparent M, of 57,000 continued to be associated with the glycogen (Fig.  1, lane b) . Boiling of the glycogen complex for a few minutes in Laemmli sample buffer (6) caused separation of proteins from sugars; Shiff reagent staining of parallel SDS gel was negative. Incubation of the 57-kDa protein-glycogen complex with [y-32P]ATP resulted in the synthesis of mostly high-molecular-weight poly-P, which failed to enter a 10% SDS-polyacrylamide gel during electrophoresis (Fig. 2) . The analysis of the gel radioactivity after electrophoresis showed that approximately 90% of the polymer did not migrate into a 10% SDS gel, whereas the residual polymer, which was of lower molecular weight, was visible on the autoradiogram (24-h exposure) as a smear along the electrophoretical line (results not shown). The second upper spot in the autoradiogram (shown in Fig. 2 sample for 3 min at 100°C, poly-P was isolated by SDSpolyacrylamide slab gel electrophoresis and detected by autoradiography of the wet gel at -70°C. The poly-P analyzed, not bound to glycogen, was located at the origin of a 10% gel, and the amount was estimated by excision of the radioactive spot from the dried gel and assay in a scintillation counter.
One unit of poly-P kinase activity was defined as the conversion of 1 nM of phosphate transferred from [-y-32P]ATP into poly-P for 1 min at 75°C.
Properties of the glycogen-bound poly-P kinase. The poly-P kinase was active only as a native complex with glycogen, and hydrolysis of glycogen resulted in a total loss of the enzymatic activity (Table 1 ). The reaction of the hydrolysis was carried out in a dialysis tube overnight at 4°C in the presence of amyloglucosidase (0.75 U/100 RI, from Aspergillus niger) in 50 mM MOPS (morpholinepropanesulfonic acid) buffer (pH 6.5). Glycogen complex treated the same as during poly sugar hydrolysis but without amyloglucosidase showed no loss of enzymatic activity. Addition of histones to the reaction mixture had no significant influence on the enzymatic activity (Table 1) in contrast to the case of poly-P kinase isolated from E. coli (7) or Propionibacterium shermanii (9, 10, 13). It was postulated that these poly-P kinase activities require the presence of a high-molecular-weight complex which is formed from a basic protein (9) when the protein is added to the reaction mixture. For the enzyme isolated from S. acidocaldarius, that function might be fulfilled by glycogen, which additionally contains small amounts of poly-P (about 10 mg of poly-P per g of wet glycogen); the poly-P is needed as a primer for poly-P biosynthesis (13) . The glycogen-bound poly-P kinase was inhibited by phosphate, even at a concentration as low as 2 mM, to about 50% of its activity ( Table 1) . As in the cases of the other enzymes from S. acidocaldarius (5, 11) , the optimal temperature for poly-P biosynthesis was around 750C.
The glycogen-bound poly-P kinase was activated by divalent cations. The highest activity was observed in the presence of 2 mM Mn2+ ions, whereas Mg2+ ions were half as effective (Table 1) . Fluoride, a strong inhibitor of poly-P kinases (3), only slightly reduced (about 25%) the activity of the glycogen-bound enzyme (Table 1) , but ADP showed almost 50% inhibition, typical of all poly-P kinases. The reaction rate increased at low concentrations of K+ ions, but NH4Cl at 200 mM considerably inhibited the synthesis of poly-P ( Table 1 ). The Km for ATP is 7.5 x 10-5 M, and the maximal rate of the reaction requires 1.6 mM ATP. An increase of the ATP concentration to 2.4 mM caused about 20% inhibition.
The kinetics of the reaction was exponential (Fig. 3) , which may be due to enzymatic activation by the product during the first stages of its biosynthesis. The reaction mixture supplemented with commercially available shortchain poly-P, however, caused a 25% inhibition of poly-P formation ( Table 1) . The other explanation might be that some kind of rearrangement or modification of the protein to an enzymatically active product is necessary (Fig. 4) .
It was found earlier that the 57-kDa protein-glycogen complex from S. acidocaldarius possessed a glycosyltransferase activity (5), even after separation of the enzyme from glycogen. The discovery of this second poly-P kinase activity induced us to carry out a more detailed study of the composition of the 57-kDa band by isoelectric focusing. The 57 kDa-protein(s) was cut from an SDS-polyacrylamide gel and electroeluted in a dialysis tube in the presence of Trishydrochloride buffer (pH 8.8, 0.05 M). The protein was concentrated by precipitation with 4 volumes of acetone, and after solubilization in 9.5 M urea lysis buffer (8), the sample was subjected to isoelectric focusing in pH range of 3 to 10 as described by O'Farrell (8) .
This material was composed of polypeptides possessing different isoelectric points which were in the pH range of 5.6 to 6.7 (Fig. 4) , which may indicate that the protein contained different numbers of modifying groups.
In the future it would be very interesting to determine whether there are two different polypeptides with two different enzymatic activities or one protein which has the property of switching its activity by some kind of protein modification.
We thank D. F. Summers, 0. C. Richards, and K. Taylor for their helpful criticism in the preparation of the manuscript.
This work was supported by a grant from Deutsche Forschungsgemeinschaft (SFB 43) and by the Polish Academy of Sciences within project 03.13.
